Abstract. In this paper, we propose a fast motion estimation technique using chroma interpolation filter for High Efficiency Video Coding (HEVC) encoder. In order to reduce the computation time of motion estimation process, the proposed method utilizes 4-tap chroma interpolation filter for motion estimation and 8-tap luma interpolation filter for motion compensation, separately, instead of applying the same 8-tap luma interpolation filter to both motion estimation and motion compensation process. From the experimental results, the proposed algorithm achieves 4.63% time-saving with 0.06% BD-bitrate increase on average, compared to x265 encoder, which is the most computationally efficient HEVC encoder in the industrial field.
Introduction
In spite of the superior coding efficiency of HEVC [1] compared to the previous standard H.264/AVC, the computational complexity is still heavy-burden in the realtime application scenario. Especially, the introduction of 8-tap luma interpolation filter for fractional-pel motion estimation and motion compensation in HEVC not only contributes to the coding efficiency but also increases the computational complexity.
In the literature, in order to reduce the computational complexity of motion estimation, many fast algorithms have been proposed by reducing the number of search points with spatial-temporal motion correlation and estimating the fractionalpel position without the interpolation [2] [3] [4] [5] . However, compared to H.264/AVC standard, the computational complexity of the HEVC's fractional-pel interpolation method has increased approximately twice in terms of memory access and arithmetic operations [6] . As the complexity of the interpolation computation increases, it has become increasingly important to reduce the complexity of the interpolation itself.
In this paper, to reduce the computational complexity of the interpolation itself, we propose a new interpolation filter applying methodology for the HEVC encoder. Because the motion estimation method is not defined at the specification, the encoder might use any kind of estimation method including interpolation filtering. However, the residual (difference) image between original and predicted images should be exactly matched both at encoder and decoder side. For this, the motion compensation method must be guaranteed to comply the HEVC standard. Adhering to the policy, we propose the interpolation filter applying methodology that utilizes simpler 4-tap chroma interpolation filter for motion estimation process and 8-tap interpolation filter for motion compensation process, respectively. From the experimental results, the proposed algorithm achieves 4.63% time-saving with only 0.06% BD-bitrate increase on average, compared to x265 encoder [7] , which is the most computationally efficient HEVC encoder in the industrial field.
The rest of this paper is consisted as follow. Section 2 briefly describes the overview of the x265's motion estimation procedure. Section 3 proposed the different interpolation filter applying methodology according to the motion estimation and compensation. The experimental results are shown in Section 4. Finally, Section 5 concludes the work.
Overview of Motion Estimation in x265
The computational complexity of HEVC reference model software (HM) [8] is still a heavy burden and thus, it is not applicable in the industrial field even though many fast algorithms [9] have integrated into HM. As an alternative of HM, x265 is the commercially funded and implemented in a form of open source project. The x265 is now known as the computationally efficient HEVC encoder by using energyeffectively selected coding tools, frame-level/row-level (wave-front mechanism) parallelization and single instruction multiple data (SIMD) techniques in the industrial field. For this, the authors believe that it is more meaningful to implement our method and verify its performance in a real-time encoder such as x265 encoder.
With considering the computational complexity of user's system, x265 offers the encoding options to control the video quality and encoding speed from low encoding speed with high video quality to high speed with low quality (placebo to ultrafast). Based on our experiments, a faster configuration has a good balance between the encoding speed and the video quality. The motion estimation process of x265 at faster setting (default) is shown as in Fig. 1 .
First, the motion estimation for integer-pel is performed for all search points which are varying according to the search method. The x265 supports various integer-pel motion estimation methods such as Diamond, Hexagonal, UMHexgon, Star, and Full search and the default option is to use the hexagonal search method and SAD (Sum of Absolute Difference) measure at faster setting. After determining the best motion vector in integer-pel units, the fractional-pel motion estimation is performed around the best integer-pel motion vector. The x265 encoder varies the number of search points from 4 to 32 according to the fractional-pel search method as shown in Fig. 1 . The default option is the 4 SAD HPEL + 4 SATD QPEL at faster setting. In Fig. 1 , SATD is the abbreviation for Sum of Absolute Transformed Difference, HPEL means Half-PEL search, and QPEL is Quarter-PEL search.
In the example of Fig. 1 (4 SAD HPEL + 4 SATD QPEL) , the encoder selects the best motion vector position which has the minimum SAD value among 4 candidate positions ((0,-1), (0, 1), (-1, 0), and (1, 0)) in the half-pel unit and finds the best fractional-pel position in the quarter-pel unit by comparing 4 candidates in terms of SATD. Since the 4 SADs at half-pel position and 4 SATDs at quarter-pel position are calculated in the example, the maximum necessary number of interpolations with 8-tap luma filter is 8.
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In the Section 3, we propose the fractional-pel motion estimation method which applying the different type of interpolation filter for motion estimation and motion compensation as shown in Fig. 2 . The proposed algorithm performs the fractional motion estimation around the best integer-pel motion vector by using 4-tap chroma interpolation filter instead of 8-tap luma interpolation filter. However, because the predicted image corresponding to the best motion vector in reference picture should be exactly matched at both the encoder and decoder side, the motion compensation is performed with the original 8-tap luma interpolation filter to restore an accurate predicted image at a final stage as in Fig. 2 . During motion estimation process, the best motion vector having the smallest SAD or SATD value among the candidate search points is selected and the calculation of SAD or SATD requires a predicted image corresponding to the motion vector in reference picture so that the accurate estimation of the predicted image is very important to the coding efficiency. In Table 1 , we summarize the characteristics according to the interpolation type for H.264/AVC and HEVC. The luma interpolation filter of H.264/AVC is the 6-tap FIR filter to perform half-pel interpolation and the 2-tap average filter to perform quarterpel interpolation. The chroma interpolation of H.264/AVC is 2-tap bilinear filter to perform half and quarter-pel interpolations. On the other hand, the 8-tap luma and 4-tap chroma DCTIF (DCT-based interpolation filter) is used to perform the half and quarter-pel interpolation in HEVC, respectively. The computational complexity and coding efficiency of these interpolation filter depends on the filter tap size. Usually, the longer filter tap size guarantees the higher coding efficiency. The 8-tap luma interpolation filter of HEVC improves the coding efficiency by 10% in term of BD-bitrate compared to that of H.264/AVC, however, the memory access and arithmetic operations are almost doubled on average [6] . On the other hand, the 4-tap chroma interpolation filter of HEVC improves the performance 2.2% BD-bitrate reduction without noticeable encoding and decoding time change compared to the bilinear filter [10] . Since the 4-tap chroma filter of HEVC has the shorter tap size, the memory access efficiency is better than 6-tap wiener + 2-tap average luma filter of AVC and the arithmetic operations are approximately 3 times simpler than 8-tap luma filter. Based on the analysis, we consider that the 4-tap chroma filter of HEVC is an appropriate interpolation filter for motion estimation. Moreover, since the SIMD instructions of 4-tap chroma interpolation filter have already been implemented in the x265 encoder, reusing them renders the implementation of the proposed algorithm not too burdensome.
Experimental Results
In the section, we show the experimental results in order to illustrate the benefits of the proposed method compared to the original x265 in the aspect of BD-bitrate increase (Bjøntegaard Delta-bitrate) and time-saving. All experiments were conducted as shown in Table 2 . Table 3 summarizes the BD-bitrate and time-saving ratio of the proposed fractional motion estimation method where the anchor is x265 v1.9. From Table 3 , the proposed method shows 4.63% time-saving with 0.06% for Class A and B of HM common test sequences (over 1080p resolution). For the sequence with high and complex motion such as Nebuta, the time-saving of the proposed algorithm is up to 6.70% with negligible bitrate increase (0.06%). As can be seen from the experimental results in Table 3 , the proposed algorithm is very effective and valuable because it improves the encoding speed by simply modifying the method of applying the interpolation filter in the motion estimation process. 
Conclusion
In this paper, we proposed the fast fractional-pel motion estimation method which applying the 4-tap chroma interpolation filter for motion estimation and 8-tap luma for motion compensation. Since the SAD or SATD calculations are intensively performed at the motion estimation stage, the proposed algorithm applies the low complexity 4-tap chroma filter at the motion estimation stage, and restores an accurate predicted image with the original 8-tap luma interpolation filter at the motion compensation stage. From the experimental results, the proposed algorithm achieves 4.63% time-saving with 0.06% BD-bitrate increase on average, compared to x265 encoder.
